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Abstract
The honourable Vice Dean of General Affairs at Faculty of Engineering: Dr. Muhammad
Ruslin Anwar, Department Head of Regional and Urban Planning, Dr. Abdul Wahid
Hasyim, the honourable keynote speakers – Dr. Kakuya Matsushima from Kyoto
University – Japan, Dr. ONG Ghim Ping Raymond from the National University of
Singapore – Singapore, Dr. Hadid Subki from the International Atomic Energy Agency
(IAEA). Vienna – Austria, Dr. Surjono from Universitas Brawijaya – Indonesia and Dr.
Emil Elestianto Dardak, M. Sc. – Vice Governor of East Java Province – Indonesia, and
ladies and gentlemen.
Assalamualaikum Wr Wb
I would like to thank everyone in this room today for your enthusiasm and participation
in the 4  International Conference on Planning in the Era of Uncertainty at Universitas
Brawijaya.
This site uses cookies. By continuing to use this site you agree to our use of cookies. To find out
more, see our Privacy and Cookies policy. 
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ICPEU is a biennial event that we have organized since 2013. We have focused on the
discussion of sustainable development since the very beginning, as we truly believe that
this topic is very relevant to what we, in the field of planning, face at the moment and in
the future.
In 2013 we started off the discussion with the big question, does planning theory can be
applied thoroughly in practice? It was a very memorable discussion as we explored many
interdisciplinary problems and solutions in planning. We then developed our topic to
sustainable development in 2015 as we considered this as an underlying topic for all
relevant problems and solutions. Again, the discussion was remarkable. Papers from
different countries participated at the event. In 2017, we started publishing our papers on
IOP Proceedings, which is a Scopus-indexed form of publication. We published 67 papers
from different universities in different countries. And we believe that this event at this
moment, will be more successful than our predecessors. The topic Strengthening Rural
Urban Sustainability Goals is yet another situation that we all can relate to. A problem
that requires collective attention to achieve equality and sustainability in the future
development.
Looking back at the events that we have organized so far, we learned that the pursuit of
achieving sustainability has attracted ever-growing global interest. We have received
papers from Australia, Thailand, Malaysia, Singapore, Japan, Sweden, France, and also
Indonesia, discussing and showcasing multi-level efforts in achieving sustainable
development from different perspectives. In short, the response that we received has been
overwhelmingly positive.
I would like to thank our dearly sponsors, Universitas Brawijaya, the Faculty of
Engineering, ESRI, Institut Atsiri, Persada Printing, UB Press, RRI, UB TV for their
support that have allowed us to organize this event. We received a number of 163
extended abstracts for this event, and unfortunately, we could only accept a number of 76
selected ones to be published on our upcoming IOP Proceeding and Jurnal Tata Loka.
Therefore, I would like to congratulate all authors that have made it this far.
To close this speech, I would like to once again welcome you to Malang, I wish you a
wonderful two-day seminar, and I look forward to learning new insights. Thank you very
much.
Wassalamualaikum Wr Wb.
Export citation and abstract BibTeX  RIS
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
The 4rd International Conference in Planning in the 2019 Era of Uncertainty
IOP Conf. Series: Earth and Environmental Science 328 (2019) 011002
IOP Publishing
doi:10.1088/1755-1315/328/1/011002
1
 
 
LIST OF COMMITTEES 
 
 
 
Steering Committee (SC) : Dr. Ir. Budi Sugiarto Waloeya, MSP 
  Dr. Ir. Surjono, MTP 
  Dr. Ir. Agus Dwi Wicaksono, Lic.Rer.Reg 
  Dr. Ir. A. Wahid Hasyim, MSP 
  Ir. Ismu Rini Dwi Ari, MT.,Ph.D. 
  Dr. Wara Indira Rukmi, ST., MT 
  Gunawan Prayitno, SP., MT., Ph.D 
  Dr. Eng. I Nyoman Suluh Wijaya, ST., MT 
Organizing Committee (OC) :   
Head of Executive : Dadang Meru Utomo, ST., MURP 
Vice Head of Executive : Deni Agus Setyono, ST. M.Eng 
General Treasure : Wawargita Permata W., ST., MT 
  Anggi Anggraeni, S.Si 
  Puji Darningsih, STP 
Scientific Committee : Dr. Septiana Hariyani, ST., MT 
  Dian Dinanti, ST., MT 
  Indriati Farida, SE., MM 
  Dwi Maulidatuz Zakiyah, ST., MT., M. Sc 
  Dr.tech. Christia Meidiana, ST., M.Eng 
  Imma Widyawati Agustin, ST., MT.,Ph.D. 
  Aris Subagiyo, ST.,MT. 
  Kartika Eka Sari, ST.,MT. 
  Wulan Dwi Purnamasari, ST., MT 
  Dr. Eng. Fadly Usman, ST., MT 
  Dr. Eng. Turniningtyas A.R., ST.,MT 
  Adipandang Yudono. S.Si., MURP., Ph.D 
  Eddi Basuki Kurniawan, ST.,MT 
  Dian Indah Shofarini, ST., MT 
  Wisnu Sasongko,ST.,MT 
  Chairul Maulidi, ST.,MT 
  AR. Rohman Taufiq Hidayat, ST.,  M.AgrSc 
  Eka Trisye Mufida, SE 
  Nindya Sari, ST.,MT 
  Hastirin Widi Astuti, S.Pd, M.A (TESOL) 
Technical Assistance : Muhammad Iqbal Ashari 
Fadjar Iman Nugroho 
Regina Fortunata  
Izatul Ihsansi 
Nadya Chrisyanti Putri 
Gina Magfirah 
Adhania Nurhana 
Adelita Virenza Nurubiatmoko 
Siti Azizah Khairunnisa 
10/1/2020 IOP Conference Series: Earth and Environmental Science, Volume 328, 2019 - IOPscience
https://iopscience.iop.org/issue/1755-1315/328/1 1/12
Table of contents
View all abstracts
Accepted papers received: 9 August 2019
Published online: 24 October 2019
Preface
Papers
Environment, Infrastructure and Information System
This site uses cookies. By continuing to use this site you agree to our use of cookies. To find out
more, see our Privacy and Cookies policy. 
Volume 328
2019
Previous issue Next issue
The 4th International Conference in Planning in the 2019 Era of Uncertainty
12–13 March 2019, Malang City, Indonesia
 
011001OPEN ACCESS
PREFACE: The 4  International Conference in The Era of Uncertainty (ICPEU)th
 PDFView abstract
011002OPEN ACCESS
List of Committees
 PDFView abstract
011003OPEN ACCESS
Photographs
 PDFView abstract
011004OPEN ACCESS
Peer review statement
 PDFView abstract
10/1/2020 IOP Conference Series: Earth and Environmental Science, Volume 328, 2019 - IOPscience
https://iopscience.iop.org/issue/1755-1315/328/1 2/12
012001OPEN ACCESS
Analysis Lean Construction Application to Reduce Material Waste at Bridge
Construction Project
A E Sebastian
 PDFView abstract
012002OPEN ACCESS
Swamp Land Utilization for Socio-cultural, Economic and Potential Development of
Lake OPI Ecotourism in Palembang
A Husin
 PDFView abstract
012003OPEN ACCESS
The Performance of BRT Trans Semarang Services to Achieve Sustainable
Transportation
A N Adibah
 PDFView abstract
012004OPEN ACCESS
Spatial analysis for the selection of landfill in Jepara Regency
A Nugroho, Suharyanto and Sudarno
 PDFView abstract
012005OPEN ACCESS
The Role of Renewable Energy to Reduce Climate Change: Perspective of Policy Content
and Context
A Respitawulan and A Y S Rahayu
 PDFView abstract
012006OPEN ACCESS
Towards Sustainable Transportation: Identification of Development Challenges of TOD
area in Jakarta Metropolitan Area Urban Railway Projects
A Rosalin, B Kombaitan, D Zulkaidi, P Dirgahayani and I Syabri
 PDFView abstract
012007OPEN ACCESS
Performance Evaluation and Crack Repair in Building Infrastructure
A S Dermawan, S M Dewi, Wisnumurti and A Wibowo
 PDFView abstract
012008OPEN ACCESS
Toward Inclusive Development Through Smart Economy in Malang Regency
A Yudono, Dias Satria and Angga Erlando
10/1/2020 IOP Conference Series: Earth and Environmental Science, Volume 328, 2019 - IOPscience
https://iopscience.iop.org/issue/1755-1315/328/1 3/12
 PDFView abstract
012009OPEN ACCESS
Analysis of Kendal Ferry Terminal Performance
Adistirani, B Riyanto and B H Setiadji
 PDFView abstract
012010OPEN ACCESS
The Influence of The Distribution of Public Green Space on The Health of The Residential
Environment in Balikpapan City
Ariyaningsih, A N Dewanty and M Ulimaz
 PDFView abstract
012011OPEN ACCESS
Study of Intermittent-Irrigation Technique to Cropping Patterns and Water Availability at
Pemali Kanan Irrigation Area in Brebes Regency
B B Kusumo, S A Pranoto and I Sriyana
 PDFView abstract
012012OPEN ACCESS
Interaction Model Between Land Use and the Road's Level of Service in the Corridor of
Lawang to Singosari
B S Waloejo, I W Agustin and W Ramadhan
 PDFView abstract
012013OPEN ACCESS
Flood Inundation Assessment under Climate Change Scenarios in Kuantan River Basin,
Malaysia
B Winarta, P T Juwono, V Dermawan, M I Ali and N I Ramli
 PDFView abstract
012014OPEN ACCESS
Effectiveness and Efficiency as a Tool of Measurement of Waste Bank's Performance
C Meidiana, Y A Pamungkas and K E Sari
 PDFView abstract
012015OPEN ACCESS
Land Development Recommendation of Bunguran Island as One of the National Border
Areas Based on Level of Land Suitability and Land Capability
D I Shofarini, R K Arruzzi and B E N Firdauz
 PDFView abstract
012016OPEN ACCESS
10/1/2020 IOP Conference Series: Earth and Environmental Science, Volume 328, 2019 - IOPscience
https://iopscience.iop.org/issue/1755-1315/328/1 4/12
Green Open Space, Towards A Child-Friendly City (A Case Study in Lembah Gurame Park, Depok
City, Jakarta Greater Area, Indonesia)
E Yuniastuti and H S Hasibuan
 PDFView abstract
012017OPEN ACCESS
Optimization of Logung Reservoir Performance
F F S Jamil, S Darsono and Suharyanto
 PDFView abstract
012018OPEN ACCESS
Child Pedestrian Friendly Design Principle for the Settlement and Housing area
F P Makalew
 PDFView abstract
012019OPEN ACCESS
Development of Road Network Traffic Model in Bandung City
H M Pakpahan and I Adriant
 PDFView abstract
012020OPEN ACCESS
The Flexibility of Parking Space of Traditional Market in the City Center (Case Study:
Pasar Gede Of Surakarta, Indonesia)
I Aliyah and S A S Aulia
 PDFView abstract
012021OPEN ACCESS
Effect of Land Use Change to the Increasing Land-Based Emission and Urban Heat
Island Phenomenon in Bandung City
I B Puspita and F A Saputra
 PDFView abstract
012022OPEN ACCESS
Expansive Clay Soil Stabilization Using White Soil Material and Sulfuric Acid Solution
(H SO ) For Subgrade in Godong Area - Grobogan District
I K Suwantara, S P R Wardani and Y A Priastiwi
2 4
 PDFView abstract
012023OPEN ACCESS
Analysis of Car Accident at the Location of Black-Spot and Rating for Accident-Prone
Roads in Surabaya
I W Agustin
 PDFView abstract
10/1/2020 IOP Conference Series: Earth and Environmental Science, Volume 328, 2019 - IOPscience
https://iopscience.iop.org/issue/1755-1315/328/1 5/12
Regional Development and Public Policy
012024OPEN ACCESS
Exploring the Role of Transportation Demand Omotenashi (TDO) in the City Center Plaza
of Batu
I W Agustin, R A C Adhianti, Fikriyah, N F Shakia and I A Maulidiah
 PDFView abstract
012025OPEN ACCESS
Fairness Of Intensity of Energy Consumption for Cooling Targets
P Satwiko, V S C Widarji, A D Istiadji and N Sekarlangit
 PDFView abstract
012026OPEN ACCESS
ICT-Based Innovation in the Smart City Masterplan and Its Relation to Regional Planning
R Rachmawati
 PDFView abstract
012027OPEN ACCESS
Planning for Urban Green Area and Its Importance for Sustainability: The Case of Jakarta
R Setiowati, H S Hasibuan, R H Koestoer and R Harmain
 PDFView abstract
012028OPEN ACCESS
Optimizing Building Planning and Design to Control External Energy Loads
R Y Sandi and M Ismail
 PDFView abstract
012029OPEN ACCESS
Economic Valuation Of Horticulture Organic Farming In Getasan, Semarang Regency
S Asfawi, A Probandari, P Setyono and Hartono
 PDFView abstract
012030OPEN ACCESS
Natural Lighting System to Provide Visual Comfort in Library Reading Room at
Universitas Budi Luhur, Jakarta
S Kurniasih and O Saputra
 PDFView abstract
012031OPEN ACCESS
Sustainable Coastal Protection in Pasuruan City : Jetty Structure in Rejoso Estuary
A L Rakhmawati
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
The 4rd International Conference in Planning in the 2019 Era of Uncertainty
IOP Conf. Series: Earth and Environmental Science 328 (2019) 012025
IOP Publishing
doi:10.1088/1755-1315/328/1/012025
1
 
 
 
 
 
 
 
 
Fairness Of Intensity of Energy Consumption for Cooling 
Targets 
P Satwiko*, V S C Widarji, A D Istiadji, and N Sekarlangit1 
1 Faculty of Engineering, Universitas Atma Jaya Yogyakarta, Indonesia 
 
*email: prasasto.satwiko@uajy.ac.id 
Abstract. In Indonesia, the auditing of building energy follows the procedure of SNI 6196-
2011, while the whole building’s performance evaluation uses the criteria of the GBCI. Both 
institutions’ target is based on the intensity of energy consumption (IEC), of which 65% is the 
intensity of energy consumption for cooling (IECC). This research studied the IECCs of hotels 
in Indonesia, using a computer-simulation method with the Design Builder software. A virtual 
hotel was constructed based on two design scenarios, using (1) ordinary design and (2) green 
design as suggested by the GBCI. The two variables used were the hotel’s geographical 
coordinates and altitude. The research found a significant potential for cooling energy savings 
if, in particular, the building’s altitude was considered in the standards. Green buildings in 
lower altitudes have their IECC higher than those in higher altitudes. The highest IECC is 
191.79 kWh/m².year for a green hotel in Medan, which is 35.71 kWh/m².year lower than GBCI 
standard. The lowest IECC is 85.39 kWh/m².year for a green hotel in Bandung, which is 
142.11 kWh/m².year lower than GBCI standard. The average deviations of the IECCs from the 
standards of the GBCI and the ASEAN USAID were 76.25 kW/m2.year and 43.75 
kW/m2.year, respectively.  
Keywords: Intensity of energy consumption; energy savings; green building standard; 
geographical coordinate. 
1. Introduction 
Driven by global warming, climate change is a real problem worldwide, which threatens the 
sustainability of the Earth as a habitable planet for all human beings. At the Conference of the Parties 
21, held in Paris in December 2015, the 195 countries that attended agreed to reduce carbon dioxide 
(CO2) emissions from fossil-based fuels to maintain the CO2 concentration in the atmosphere below 
380 ppm and to limit the global environment temperature increase to 1.5oC [1]. Previously, the 
Intergovernmental Panel on Climate Change [2] assumed the global temperature increase to be 
between 1oC and 3.7oC in the twenty-first century, which would depend on future greenhouse gas 
emissions. Scientists agree that the continuing increase of global temperature promotes longer heat 
waves, more frequent droughts and torrential rains, as well as stronger typhoons. Reducing fossil-
based fuel consumption is thus urgent.  
Buildings consume a large percentage of energy. For example, in Indonesia, buildings use around 
50% of the country’s total energy and 70% of its electrical energy, which are higher than the energy 
used by its industries and means of transportation [3]. For buildings, air conditioning can consume 
more than 50% of their total energy consumption [4]. The increase in outdoor air temperature caused 
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by global warming and urban heat islands might contribute to the increase in air conditioning 
installations to keep buildings thermally comfortable, as shown in the estimated 700 million air 
conditioners installed worldwide [5].  
It is crucial to control buildings’ energy consumption through better building designs, building 
energy management and audit, supported by realistic building standards. Countries have established 
their own institutions to assist architects and builders in constructing more energy-efficient buildings, 
such as the USA with its Leadership in Energy and Environmental Design (LEED) and Singapore with 
its Building and Construction Authority Greenmark [6]. In Indonesia, the Standar Nasional Indonesia 
regulates the procedure of the building energy audit through SNI 6196:2001, which is based on a 
research report by the Association of Southeast Asian Nations–United States Agency for International 
Development’s (ASEAN–USAID) Building Energy Conservation Project. Another institution called 
the Green Building Council of Indonesia (GBCI) provides a Greenship (a rating tool that contains 
energy efficiency and conservation guidelines). The ASEAN–USAID and the GBCI target their 
energy audit according to the intensity of energy consumption (IEC), which is based on total building 
energy value [7]. The intensity of energy consumption for cooling (IECC) is 65% of the IEC the ratio 
of electrical energy consumption to air-conditioned floor area per year, kWh/m2.year (Error! 
Reference source not found.). 
Table 1. IEC and IECC of ASEAN–USAID and GBCI  
No. Classification 
ASEAN–USAID GBCI 
IEC/IECC (kWh/m².year) 
1 Offices  240/156 250/162.5 
2 Hotels (apartments) 300/195 350/227.5 
3 Shopping centres (commercial) 330/214.5 450/292.5 
The IEC targets of the ASEAN–USAID and the GBCI are grouped according to the building 
classifications. Hotels fall under the commercial sector, contributing 3% of Indonesia’s national 
energy consumption, with a growth rate of 8.6% a year. Indonesia hotels grew rapidly at 12.5% from 
2007 to 2011, in response to the 9–13% tourism increase in the corresponding years (Indonesia–
USAID et al., 2015). The Indonesian government vigorously promotes its tourism industry and invites 
foreign investors [8], speeding up the development of hotels. 
The cities’ geographical positions and altitudes give them different climates and weather 
conditions, which affect the buildings’ air-conditioning performances. A city’s geographical position 
determines its climatic parameters, that is, air temperature, relative humidity and solar radiation. Its 
altitude affects its outdoor air temperature.  
This paper reports the results of computer simulation-based experiments to answer two questions: 
(1) What is the energy performance of Indonesia’s hotels according to their geographical positions and 
altitudes? (2) Are there any significant deviations between the hotels’ IECCs and the targets of the 
ASEAN–USAID and the GBCI? The computer simulation also tested the effect of each building’s 
orientation on its IECC, which could give architects a reasonable argument when choosing a certain 
orientation. 
1.1 Theoretical review 
A building’s energy consumption is influenced by its characteristics, occupants’ behaviour and other 
factors, including subjective comfort preferences [9][10], socio-demographic characteristics [11], 
cognitive factors [12] and cultural dimensions [9] [13]. The heating, ventilating and air conditioning 
(HVAC) system determines the rate of heat transfer in the building and contributes a significant 
percentage (up to 65%) of the building’s energy consumption [14].  
A warm-humid climate is usually characterised by warm outdoor air (25–32oC), high relative 
humidity (60–90%) and high prevalence of no wind. HVAC is commonly associated with cooling 
because heating is not needed in most areas. However, there are highlands in Indonesia with cooler 
outdoor air, below 25oC, where cooling is not really needed if indoor heat gain is insignificant. The 
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hotels’ indoor air temperature is commonly set far below 24oC to provide a stronger cooling sensation 
to their customers upon entry. However, since the building energy efficiency movement has become 
more popular, hotels have responded by setting their thermostats to 24oC, which is believed to be an 
acceptable common thermal comfort standard. Hotels located in areas with 24oC outdoor air 
temperature have an advantage to use this outdoor air; thus saving energy for cooling by letting in 
outdoor air. Using Equation (1), places with altitudes higher than 466 m above sea level are likely to 
have outdoor air temperatures lower than 24oC. The relationship between air temperature and altitude 
is expressed through Equation (1): 
 
06.0 hTslT    (1) 
Where: 
T = the air temperature of a location at °C; Tsl = the average air temperature at sea level at °C of the 
same or similar latitude to the corresponding location; 0.6 = a constant; and h = the location’s altitude 
(in 100 m). For Indonesia, the Tsl is 26.8°C. 
2. Methods 
This research used a computer-simulation method to analyse the energy performances of two digital 
models of a hotel, namely, ordinary and green. The ordinary hotel was constructed based on common 
materials, while the green hotel was constructed based on the green building principles. The software 
used for this research is called Design Builder 4.1.0.042. The energy performances of those two virtual 
hotels were simulated as if they had different geographical locations and altitudes. The two dependent 
variables were the hotels’ world coordinates and altitudes. The independent variable was the IECC. 
Nine cities were sampled as representatives of Indonesia’s cities and were simulated based on nine 
scenarios (Table 2). 
Table 2. Nine representative cities  
Coordinate group Altitude group City Coordinates 
Altitude 
above sea 
level (m) 
North latitude 
(+23.5o to +0.5o) 
Low land Medan 03o 38’ N 098o 38’ E 20 
Medium land Manado 01o 33’ N 124o 53’ E 475 
High land Toba Samosir 02o 35’ N 099o 27’ E 1,550 
Equator 
 (+0.5o to -0.5o) 
Low land Pontianak 00o 05’ N 109o 22’ E 1 
Medium land Gorontalo 00o 34’ N 123o 05’ E 250 
High land Bukittinggi 00o 18’ N 100o 22’ E 925 
South latitude 
(-0.5o to -23.5o) 
Low land Jakarta 06o 10’ S 106o 49’ E 46 
Medium land Yogyakarta 07o 48’ S 110o 21’ E 210 
High land Bandung 06o 57’ S 107o 37’ E 865 
Source: google earth 
Lowland: 0–200 m; medium land: 201–700 m; high land: above 700 m. 
Latitude is distance from the north or south of the equator (an imaginary circle around the Earth 
halfway between the North Pole and the South Pole). It determines the angle of sunlight striking the 
building’s envelope. Altitude, like elevation, is the distance above sea level.  
The IEC targets of the ASEAN–USAID and the GBCI are for the whole electrical energy 
consumption. Since this research focused on the electrical energy consumption for air conditioning, 
the IEC targets were modified. Air conditioning contributes 65% of a building’s whole energy 
consumption. Thus, the IEC targets of the ASEAN–USAID and the GBCI were modified to IECC, 
from 300 kWh/m2.year and 350 kWh/m2.year to 195 kWh/m2.year and 227.50 kWh/m2.year, 
respectively. The design differences between the two hotels and the parameters used in the calculation 
are respectively presented in Table 3 and Table 4. 
The 4rd International Conference in Planning in the 2019 Era of Uncertainty
IOP Conf. Series: Earth and Environmental Science 328 (2019) 012025
IOP Publishing
doi:10.1088/1755-1315/328/1/012025
4
 
 
 
 
 
 
 
 
Table 3. Differences between ordinary and green hotels  
Design Ordinary hotel Green hotel 
Building coverage ratio 40.00% 40.00% 
Floor area ratio 2.4 2.4 
Layout double loaded double loaded 
Window-to-wall ratio 6.67% 6.67% 
Number of floors 6 6  
Area of building 65 x 18 (m²) 65 x 18 (m²) 
Height of building 22.0 m 22.0 m 
Ground to floor height 4.0 m 4.0 m 
Floor to floor height 3.6 m 3.6 m 
Number of rooms 100  100  
Material of roof metal deck metal deck – super insulated 
Material of floors concrete floor tiles concrete floor tiles 
Secondary skin No 
glass fibre reinforced concrete board 
50% 
Shading No concrete-plastered insulation 
Window single glazed double glazed low-E  
Window frame Aluminium aluminium 
Wall plastered brick brick with insulation 
Coefficient of performance, Air Conditioner 3.0 3.5 
A healthy and comfortable hotel follows certain standards which consist of air temperature, 
humidity, and air exchange. Those standards can be used as a reference. The scenario for the healthy 
and comfortable hotel standards are presented in Table 4. 
Table 4. Parameters and criteria for thermal calculation  
Parameters 
Criteria 
Ground floor 1st–5th floors 
Thermostat range 12–24°C 12–24°C 
Humidity 50% 50% 
Air speed 0.25 m/s 0.25 m/s 
Air change rate 0.73 ach 0.50 ach 
Wind sensitivity 0.25 ach 0.25 ach 
Clothing 1.00 clo 1.00 clo 
Number of people 126 persons 84 persons 
People’s activity 100 W 70 W 
Sensible heat gain 13.99 W/m² 11,84 W/m² 
Latent heat gain 2.00 W/m² 2.00 W/m² 
Type of system mixed mode mixed mode 
Efficiency 95% 95% 
Lighting level 300 lux 300 lux 
Hours of operation  
Weekdays 1 x 24 h 1 x 24 h 
Weekend 1 x 24 h 1 x 24 h 
3. Results and Discussions 
Table 5 presents the results of the computer-based experiments. For all cities, the IECCs of ordinary 
hotels are higher than those of green hotels. Their deviations range from 21.4 kWh/m2.year to 108.75 
kWh/m2.year, regardless of orientation. These findings show that the GBCI’s design recommendation 
worked well in reducing energy consumption. However, ordinary hotels on high lands could have their 
IECCs lower than the ASEAN–USAID’s and the GBCI’s standards. Converting ordinary hotels to 
green hotels further drops their IECCs and therefore offer significant energy-saving potential. As 
expected, the IECCs of north–south-facing hotels are lower than those of east–west-facing ones. 
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Table 5. IECC from computer-based simulation  
Coordinates City Altitude Orientation 
IECC from simulation 
IECC target from 
standard 
Ordinary 
hotels 
Green 
hotels  
ASEAN–
USAID 
GBCI 
kWh/m².year 
North latitude 
(NL) 
Medan 
Low land 
(L) 
N–S 289.45 191.79 
195.00 227.50 
E–W 301.65 192.90 
Manado 
Medium land 
(M) 
N–S 278.62 185.13 
E–W 293.33 186.67 
Toba Samosir 
High land 
(H) 
N–S 188.22 98.09 
E–W 200.38 99.85 
Equator 
(EQ) 
Pontianak Low land 
N–S 264.53 180.13 
E–W 284.79 183.18 
Gorontalo Medium land 
N–S 215.76 169.83 
E–W 249.41 174.68 
Bukittinggi High land 
N–S 110.63 90.14 
E–W 126.51 92.31 
South latitude 
(SL) 
Jakarta Low land 
N–S 275.96 190.93 
E–W 292.84 191.90 
Yogyakarta Medium land 
N–S 212.98 159.98 
E–W 238.55 161.66 
Bandung High land 
N–S 106.79 85.39 
E–W 123.84 88.01 
Figure 1 summarises north–south-oriented hotels in the nine representative cities. It shows the 
consistent phenomenon that hotels on high lands have lower IECCs than those on low lands. This 
phenomenon is expected because high lands have higher air temperature than low lands, which affects 
the energy consumption of the air conditioning system. Ordinary hotels on high lands (Samosir, 
Bukittinggi and Bandung) have IECCs slightly lower than the ASEAN–USAID standard. Even 
without adopting any green building guidelines, the hotels in those cities comply with the ASEAN–
USAID’s IECC standard. However, adopting those guidelines in the hotels significantly lowers their 
IECCs. This shows that there is still a high potential for energy savings if green building guidelines are 
applied in locations where the outdoor air temperature is comfortable.  
 Medan, Pontianak and Jakarta are on low lands. In those cities, green hotels can only reach IECCs 
slightly lower than the ASEAN–USAID’s standard. For example, a green hotel in Medan has an IECC 
of 191.79 kWh/m2.year, which is 1.79 kWh/m2.year lower than the ASEAN–USAID’s standard. This 
shows that adopting green building guidelines is important for buildings on low lands. 
The cities’ geographical positions do not seem to affect their IECCs (Figure 1). Even though all of 
the nine selected cities are within the tropical lines (23.5 NL 23.5 SL), they are not far from the 
equator. The northernmost city in the sample, Medan, lies at 03o 38’ NL, and the southernmost city, 
Yogyakarta, lies at 07o 48’ SL. Pontianak lies at 00o 05’ NL and it is known as a hot city. However, 
the experiments found that ordinary and green hotels located on the equator have lower IECCs than 
those in other latitudes with corresponding altitudes. Hotels in Pontianak have IECCs lower than those 
in Jakarta. 
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Figure 1. IECCs of hotels in the nine selected cities. 
The experiments confirmed that the higher the altitude of a hotel’s location is, the lower the hotel’s 
IECC is, as higher lands have lower air temperature. Therefore, altitude has a larger effect on hotels’ 
IECCs than geographical position (latitude). However, this finding should be interpreted carefully. It 
might be caused by the relatively narrow spread of the samples. The farthest sample from the equator 
is Yogyakarta, which is located at 07o 48’ SL. Simulations with hotels located far from the equator line 
but still within 23o 30’ NL (tropic of Cancer) and 23o 30’ SL (tropic of Capricorn) should be conducted 
to verify whether geographical position does not affect IECC. Between the tropic of Cancer and the 
tropic of Capricorn, the sun passes the zenith of any location twice a year during its path, back and 
forth, to the north and to the south.  
The simulation results show a wide range of deviations between the ordinary hotels’ and the green 
hotels’ IECCs and the ASEAN–USAID’s and the GBCI’s targets. The average deviation, maximum 
IECC and minimum IECC are calculated by using Equation (2) and presented in Table 6 (ordinary 
hotels) and Table 7 (green hotels).  
 
n
xx
d
i
x
 
    (2) 
Where: 
̅ = average deviation in kWh/m².year;  = IECC from simulation in kWh/m².year; ̅ = IECC 
target in kWh/m².year; and n = sample population. 
Maximum IECC = ̅  + ̅, and minimum IECC = ̅  − ̅. 
Table 6. Ordinary hotels’ IECC deviations from ASEAN–USAID’s and GBCI’s standards  
ASEAN–USAID’s IECC target 195.00 kWh/m².year 
minimum IECC deviation from ASEAN–USAID’s target 164.76 kWh/m².year 
maximum IECC deviation from ASEAN–USAID’s target 225.24 kWh/m².year 
average deviation from ASEAN–USAID’s target 30.24 kWh/m².year 
GBCI’s IECC target 227.50 kWh/m².year 
minimum IECC deviation from GBCI’s target 225.24 kWh/m².year 
maximum IECC deviation from GBCI’s target 229.76 kWh/m².year 
average deviation from GBCI’s target 2.26 kWh/m².year 
Table 6 shows that for ordinary hotels using the ASEAN–USAID’s IECC standard, the minimum 
and the maximum IECCs are 164.76 kWh/m².year and 225.24 kWh/m².year, respectively. With a 
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deviation of 30.24 kWh/m².year, the IECC for a thermally comfortable and energy-saving hotel ranges 
from 164.76 kWh/m².year to 195 kWh/m².year. For a thermally comfortable but not energy-saving 
hotel, the IECC ranges from 195.01 kWh/m².year to 225.24 kWh/m².year. The same procedure has 
been performed by using the GBCI’s IECC standard. It is found that for a thermally comfortable and 
energy-saving hotel, the IECC ranges from 225.24 kWh/m².year to 227.50 kWh/m².year. For a 
thermally comfortable but not energy-saving hotel, the IECC ranges from 227.51 kWh/m².year to 
229.76 kWh/m².year. 
Table 7 shows green hotels’ IECCs. Using the same procedure applied in Table 6, the green hotels’ 
average deviation from the ASEAN–USAID’s target is 43.75 kWh/m².year. Thermally comfortable 
and energy-saving hotels are possible with the IECC ranging from 151.25 kWh/m².year to 195 
kWh/m².year. Thermally comfortable yet not energy-saving hotels are possible with the IECC ranging 
from 195.01 kWh/m².year to 238.75 kWh/m².year. 
Table 7. Green hotels’ IECC deviations from ASEAN–USAID’s and GBCI’s standards  
ASEAN–USAID’s IECC target 195.00 kWh/m².year 
minimum IECC deviation from ASEAN–USAID’s target 151.25 kWh/m².year 
maximum IECC deviation from ASEAN–USAID’s target 238.75 kWh/m².year 
average deviation from ASEAN–USAID’s target 43.75 kWh/m².year 
GBCI’s IECC target 227.50 kWh/m².year 
minimum IECC deviation from GBCI’s target 151.35 kWh/m².year 
maximum IECC deviation from GBCI’s target 303.75 kWh/m².year 
average deviation from GBCI’s target 76.25 kWh/m².year 
Whether to adopt the ASEAN–USAID’s or the GBCI’s IECC standards is the hotel owner’s 
choice. Currently, the Indonesian government does not enforce the IECC target yet even though it is 
urgently required. The ASEAN–USAID’s IECC target is 32.5 kWh/m².year; it is lower than the 
GBCI’s. An ordinary hotel in Gorontalo (medium land) can have its IECC comply with the GBCI’s 
target but not with ASEAN-USAID’s (see Figure 1). In other words, there is no need for hotels in 
Gorontalo to adopt green building guidelines if their owners refer to the GBCI. However, those hotels 
have significant potential for energy savings if green building guidelines are applied. 
 
4. Conclusion  
Computer simulation results found energy saving potential of green hotels. 
1. Based on the results of the computer-based experiments, it can be concluded that applying a 
single IECC target for all hotels, which are located at different altitudes and geographical 
coordinates, is arguable; significant energy-saving potentials can be overlooked. Flexible IECC 
targets are then needed and achievable. With the current online advanced geographic 
information system, it is possible to easily obtain the weather data of a certain location to 
calculate the lowest possible IECC for green buildings. Thus, the fairness of the IECC can be 
achieved.  The highest IECC is 191.79 kWh/m².year for a green hotel in Medan. This is 3.21 
kWh/m².year and 35.71 kWh/m².year lower than, respectively, ASEAN-USAID and GBCI 
standard. The lowest IECC is 85.39 kWh/m².year for a green hotel in Bandung. This is 109.61 
kWh/m².year and 142.11 kWh/m².year lower than, respectively, ASEAN-USAID and GBCI 
standard. 
2. The average deviation in green building is 43.75 kWh/m².year based on ASEAN-USAID 
standard and 76.25 kWh/m².year based on the GBCI standard. 
Further studies are needed to elaborate on the research conclusion that provides practical 
suggestions for more flexible and applicable IECC targets. Those studies should consider the 
following: 
1. This research cannot firmly conclude the effect of buildings’ latitude to the IECC yet. This is 
because the latitude of the samples only ranges from 03o 38’ N (Medan) to 07o 48’ S 
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(Yogyakarta). This is the range of hotels’ latitude found in Indonesia. Further research should 
expand the latitude to 23o30’ N and 23o30’ S. 
2. This research did not take each hotel’s rank into account. The hotels might have a wide range of 
internal load that reflects their rank from one to five stars.  
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